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Abstract 
This paper presents the algorithms for controlling the torque of a DC motor via a motor driver. Controlling the torque of the DC motor 
is achieved via PWM variations. The core of the project lies in the capability of the algorithm to regulate PWM to the motor by sensing 
the average current flow. This algorithm, when implemented on a DC motor that is coupled to a gripping actuator will enable the actuator 
to have torque control to grasp an object. Torque control algorithm in a gripping actuator will allow sufficient force to be exerted to the 
object grasped without damaging the object. Apart from that, this algorithm will also protect the hardware of the actuator to ensure it is 
operating within the continuous current rating of the motor and driver. This is possible by taking in the magnitude of the current drawn by 
the load as the feedback to the system and set appropriate action to protect the system from damage when a certain setpoint of current is 
reached. In implementing the project, several algorithms were tested to achieve the torque control algorithm requirement including on-off 
algorithm, P algorithm, PI algorithm, PD algorithm and PID algorithm. Using the same hardware configuration, the different algorithms 
produced different outcomes on the output of the controller. The output of the controller is monitored on a computer via serial 
communication. The serial communication over the USB port on the computer is done by utilizing the Processing programming language 
and integrated development environment (IDE). This software will enable the output of the controller to be mapped on the computer 
monitor to provide a real-time graphical view of the output values to the user. These graphical outputs of the controller was evaluated 
based on the response time, degree of overshooting, and steady-state error to determine the most optimal method of control to be 
implemented in torque control scheme. The advantage of this method is the minimal cost incurred and the system built does not involve 
complex feedback system. The application of this system for now is limited to controlling motors connected directly to the load (gripper) 
without passing through any gear conversions.    
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1. Introduction 
The problem of over-current in a motor or actuator used in a gripper mechanism occurs when a gripper meets the “end of 
travel” or has reached the mechanical limit meant for the mechanism. For example, when a DC motor has already gripped 
an object tightly, the motor is considered to have reached the end of travel. However, if signal and voltage is continuously 
supplied to the DC motor, the supply current will rise sharply because of the increasing amount of torque required. This will 
risk the possibilities of damaging the components of the system such as the motor, the driver circuitries governing the motor 
movement, or even the object that is grasped by the gripper. By extracting the current values in the power lines, the damage 
to the system or the object can be avoided by programming an action in respond to a certain current threshold value.  
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Since gripping mechanisms are widely used in robotics and industries, this concept can also be implemented to 
conventional gripper mechanisms as a system safety precaution. This concept provides a cost effective yet reliable system 
for any gripping mechanism involving DC motor as the actuator. This system can also eliminate the usage of external 
sensors to monitor the movement of the gripper indicating the end-of-travel path.  
2. Working Principle 
The work is subdivided into hardware and software. The hardware consists of a motor driver to drive a DC motor, 
whereas the software involves the algorithm used to control the torque of the motor based on the current consumption of the 
motor.  
For the hardware of the system, an L298N dual H bridge motor driver by STMicroelectronics is used to drive a DC 
motor into operation while sampling the current consumption. As for the motor, a DC motor from Cytron Technologies Sdn. 
Bhd. (SPG30-20K) was used in the design. Arduino UNO microcontroller was chosen as the controller. 
A PC was used to program the Arduino UNO via serial communication to test the algorithms on the gripper. The L298N 
circuitries are connected to the Arduino UNO I/O ports. The Arduino will run the motor using the programmed algorithm 
via the L298N motor driver. The current sensing circuit is located on the L298N board. While the motor is in operation, the 
current sensing mechanism will sample the values, send it to the Arduino board and the Arduino will forward it to the PC 
via serial communication. These values will be mapped into a graph by a software called Processing that runs on the PC. 
From the graphs generated by Processing, the performance of the algorithm is evaluated. Fig 1 shows the illustration of the 
connections. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Illustration of the connections between hardware components. 
 
3. Methodology 
3.1Motor Driver IC 
 
There were few options for a integrated circuit (IC) driver that can be used in this project. The most suitable IC for the 
system was decided to be L298N dual full bridge driver (STMicroelectronics). This IC was chosen because the current 
rating of the IC fits the current the motor draws to operate under normal conditions. Apart from that, it has an in-built pin 
for the purpose of sensing the current drawn by the load while in operation. This eliminates the need to have a separate 
circuit for the current sensing mechanism.  
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The L298N motor driver was configured to drive two DC motors, in bi-direction. This configuration is also known as the 
H-Bridge configuration. An H-Bridge (or sometimes called full bridge) is an electronic circuit that enables a voltage to be 
applied across a load in either direction. These circuits are often used in robotics and other applications to allow DC motors 
to run forwards and backwards. Fig 2 shows the PCB of the circuitries and the L298N chip. 
 
 
 
 
 
 
 
 
 
 
 
 
    
             
 
Fig 2. (a) Completed circuit of L298N for testing. (b) L298N IC by STMicroelectronics. 
 
 
 
 
 
 
   
Fig 3. (a) L298N pin diagram. (b) L298N connections. 
 
For the Arduino to read the value of the current, the magnitude of the current needs to be converted into voltage values to 
be fed to the ADC module of the Arduino. This is done by placing a small value of resistance at the current sensing pin of 
the L298N IC. This is similar to placing a small resistance in series with the motor driver. To avoid significant power loss 
across the resistor, the value of the resistor must be kept small [1]. Since the current and voltage varies linearly in a resistor, 
the increment in current magnitude will also mean increment in voltage drop across Rsense. Fig 3 shows the pin diagram of 
the L298N and the location of the current sensing pin on the IC. 
3.2 Gripper Simulation Setup 
To simulate the overall system before implementing it in a real robotic gripper, an experimental setup is utilized to test 
the system. This setup is done to simulate the conditions of the system implemented on a robotic gripper without fabricating 
one. The workability of the setup is good and data are also able to be extracted by using this setup.  
The setup consists of a spring mounted on a rigid structure and attached to a string to be pulled by a DC motor driven by 
the motor driver. In the process, current consumption of the motor is taken as feedbacks into the Arduino to implement the 
control algorithm. This setup simulates the DC motor in an actual implementation of a robotic gripper. A certain amount of 
force is required to pull the spring to a certain displacement. This amount of force is set on the microcontroller board (as 
target setpoint) to run the motor to achieve the desired displacement of the spring. In the same way, in order for a gripper to 
fully grip an object without damaging the object, a fixed amount of force needs to be set. The aim of the controller is to 
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make sure the motor doesn’t exceed this amount of force set in order for the object to remain intact. Fig 4 pictures the 
description of the setup. 
The feedback to the controller is implemented by monitoring the current consumption of the actuator (DC motor). Once 
the current consumption hits the target setpoint, the controller will acknowledge that the gripper has gripped the object and 
reduce the gripping force to not overshoot beyond the setpoint. 
  
  
 
 
 
 
Fig 4. Experimental setup to simulate the system in a robotics gripper. 
In a spring, since the restoring force of a spring is directly proportional to a small displacement, the more force that is 
applied to the spring, the longer the displacement of the spring, this behavior occurs in a linear trend as the force versus 
displacement graph describes. 
Taking advantage of this setup, we can experiment by varying the torque of the DC motor driven by the driver to produce 
varying force on the spring and observe its displacement. The varying of the motor’s torque is achieved by utilizing the 
PWM control techniques discussed in the previous report. In varying the torque of the motor, its current consumption is also 
monitored to confirm the hypothesis: The higher duty cycle of the PWM applied, the more torque produced by the motor, 
the longer the displacement of the spring and at the same time, the higher the current consumption of the motor. 
3.3 Monitoring Output using Processing 
All the output of the controller is monitor by using Processing. This software enables the user to figure out the frequency 
that the user wants to sample the data and it will sample the sensors as many times as it can while hitting the refresh 
frequency. Multisampling helps reduce the sampling noise. For this research, sampling rate was limited to 100 times per 
second. Processing enables the user to have a graphical view on the continuous values of the controller, thus resulting in 
easier evaluation on the behavior of the controller running on different algorithms. 
4. Testing, Observation and Discussion 
4.1 Algorithm Development 
 
In this work, the type of control system used is the closed loop system. The closed-loop systems compensates for 
disturbances by measuring the output response, feeding that measurement back through a feedback path and comparing the 
response to the input at the summing junction [2]. There are several algorithms that were tested during the entire testing 
period. Listed below are the tested algorithms: 
 
1. On-off Controller Algorithm (Bang-bang Controller). 
2. Proportional Algorithm (P Controller). 
3. Proportional and Derivative Algorithm (PD Controller). 
4. Proportional and Integral Algorithm (PI Controller). 
5. Proportional, Integral and Derivative Algorithm (PID Controller). 
 
All the five algorithms are workable. However, there is a huge difference on reliability and efficiency (response time, 
overshoot degree, and steady-state error) among these algorithms. The outputs of the five algorithms are monitored on the 
computer screen using Processing. The outputs of the controller are captured by the software and displayed on the computer 
in graphical form and data at an instantaneous time.  Fig 5 shows the overall system block diagram. 
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Fig 5. Block diagram of the overall system.  
 
4.2 Algorithm Testing and Discussion  
 
This section covers on the different algorithms tested on the same hardware to produce different output and behavior. 
Starting from the on-off controller, this is the most basic form of control. Once the actual value exceeds the setpoint value, 
the controller will rapidly turn off and vice versa. This results in rapid oscillations of controller output (PWM) and actual 
output (magnitude of current drawn by motor) because of the inductance of the coils in the motor [3]. The bang-bang 
behavior produced by the limited number of states available produces a prominent electrical ripple torque [4]. On the 
physical hardware this translates to a notable jerking of the motor. 
To improve the response of the on-off algorithm and the visible jerking of the motor, proportional control method is 
applied to the system. From the response graph captured by Processing on the PC monitor, the response of proportional 
controller is better in terms of control and efficiency. The actual output reaches the setpoint output in a fair amount of time. 
However, the steady state error will continue to exist even after some time and the response of the actual output is over-
damped. Also, the signal has a high settling time value. Visible jerking of the motor is completely eliminated.  
In an attempt to solve the over-damped response of the proportional controller, infinite steady-stare error and high 
settling time, a proportional-derivative controller (PD controller) algorithm is programmed and observed. PD controller 
introduces a gain variable KD in the system to reduce the overshoot and settling time of the actual output [5]. However, a 
closer observation on the response of PD controller shows that the signal is jittery. This is caused by the presence of the KD 
gain in the system. Besides this, the steady state error is not eliminated even after some time. Motor jerking is also 
noticeable. Fig 6 shows the output for on-off and P algorithm. 
 
 
 
 
 
 
 
 
 
 
 
Fig 6. (a) Response of on-off algorithm. (b) Response of proportional algorithm. 
 
 
 
 
 
 
 
 
 
 
 
Fig 7. (a) Response of PD algorithm. (b) Response of PI algorithm. 
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To solve the jittering signal in the PD controller, a test algorithm, proportional-integral (PI) algorithm is tested. PI 
algorithm introduces KI to the system. KI in the system tends to minimize the steady state error in the system [5]. 
Comparison between Fig 7 (a) and Fig 7 (b) shows the difference between the action of the KD gain and KI gain in the 
system. In PI controller, the steady-state error is minimal but due to the absence of the KD term, the settling time and 
overshoot signal is high [5]. Jittering of motor is eliminated. 
From the observation of the tests carried out, KD and KI gain complements each other and each has their own effects on a 
system. Thus, by fusing these properties together, all the existing problems can be solved. This results in proportional-
integral-derivative algorithm (PID algorithm). PI and PD algorithm complement each other in a PID algorithm to produce 
the ideal output. Jittering and steady-state error from the PD controller is eliminated by KI parameter, and high settling time 
and overshoot is taken care by the KD parameter [6]. This is typical of the PID controller as the most widely used controller 
due to its simplicity and superior robustness [7]. Fig 8 shows the response of the PID controller. 
 
 
Fig. 8 Response of system running on PID algorithm. 
Observations on the hardware of the motor driver show no sign of jerking which means this algorithm is workable with the 
hardware. The transient response of the signal is categorized as critically-damped response. This means that the system has 
the least damping and minimal oscillation. This makes the ideal algorithm in producing just the right amount of PWM pulse 
value that needs to be sent into the motor driver IC and makes the motor to exert just the right amount of force to achieve 
the setpoint.  
5. Conclusion 
The advantage and disadvantage of this system is analyzed. This system is tested to work on a gripper simulation setup. 
All data are extracted from this setup. The main advantage of this project is cost effectiveness as there is no need to 
interface external sensors to monitor the current consumption of the load but by using a relatively simple system and 
variable algorithms, the current sensing mechanism can be integrated with acceptable results. There are various types of 
Hall current sensors available for purchase in the market that can realize the transform from current to voltage as a more 
costly solution for the current sensing mechanism [8]. However, the disadvantage of this system is that when the DC motor 
is coupled to the gripper mechanism going though gear conversions in between, the reading shows inconsistencies as the 
current consumption varies according to types of configuration on the gears. Other external mechanical factors that affect 
the current draw of the system such as gear friction needs to be taken into calculation. Finally, one disadvantage of PID 
controller is that is has no adaptive ability, it can tune parameters only depending on manpower [8]. However the robustness 
and simplicity of this controller still makes it the current choice of controller to be used. 
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